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Introduction
Bryophytes are small green land plants without true vascular system. They obtain nutrients directly from water solutions occurring in immediate vicinity. The substances are absorbed without selection directly by diffusion through the cells of the gametophyte. In this way, various types of pollutants also easily transfer into the plants. That is why the bryophytes have been used as reliable indicators of air pollution (LeBlanc & Rao 1975) . Suitable moss-bioindicators should be very sensitive to pollution and subsequently show visible symptoms caused by the effects of pollutants or should have the capacity to absorb and retain pollutants in quantities much higher than those absorbed by other plant groups growing in the same habitat. Both types of indicators are therefore frequently used to evaluate the state of environmental pollution or confirmation of the presence/absence of various pollutants.
Anthropogenic nitrogen deposition poses a global threat to ecosystems and their floral diversity (Sala et al. 2000; Phoenix et al. 2006) . While many researches have focused on the responses of higher plants, bryophytes have received far less attention despite these being significant components of many ecosystems. As for effects of nitrogen on mosses, it seems that different moss species have unequal abilities to bind atmospheric nitrogen in their cells. It was found that atmospheric nitrogen deposition can cause major declines in bryophyte abundance yet the physiological basis for such declines is not fully understood. (cf. Harmens et al. 2014; Solga et al. 2005; Varela et al. 2013) . In particular, the concentration of nitrogen in the environment is a significant environmental variable (Schröder et al. 2014; Skudnik et al. 2015) and can help to identify areas at risk from high atmospheric nitrogen deposition at a high spatial resolution (Harmens et al. 2011 (Harmens et al. , 2013 Schröder et al. 2010) .
Material and methods

Sampling and chemical analysis of mosses
The moss samples were collected in October 2015 from 41 sites in the Moravian Silesian region -the Czech-Polish borderlands at the area of 1600 km 2 (40 km x 40 km). All the sampling sites were located on a regular 10 x 10 km mesh with an extra point in the centre of each square (Fig 1) . According to the Manual, pleurocarpous mosses are preferred for the determination of atmospheric deposition. The most frequent and sampled moss species in the area of interest was Brachythecium rutabulum (56% of all samples). This moss species grows in areas affected by anthropogenic activity (Sucharová et al. 2008) . Brachythecium rutabulum however, did not occur at all sites; therefore, following moss species were collected to complete the grid: Hypnum cupressiforme, Rhytidiadelphus squarrosus, Hylocomium splendens, Eurhynchium hians, Cirriphyllum piliferum, Calliergonella cuspidata and Brachythecium salebrosum.
To obtain the N content, mosses were dried at 80°C for 24 h, processed in an agate mill (3 min, 350 rpm) to assure the sample homogeneity and determined via elemental analysis on Leco CHN628 following Dumas method (Dumas 1893). Preceding the chemical analysis, the mosses were cleaned and tree-year growths were separated and submitted to the analysis.
Environmental factors
This paper focuses on the examination of environmental factors that influence the N concentrations in mosses. According to the literature, the set of environmental factors, which might explain the spatial variability, was prepared and used for further analyses (Pesch et al. 2008; Schröder et al. 2010; Skudnik et al. 2015 Skudnik et al. , 2016 . Two site-specific factors and 19 local characteristics were taken into account. For list of the factors, see Table 1 . The long-term precipitation data (1, 3, 6 and 9 months before sampling) were delivered by the Czech Hydrometeorological Institute (CHMI). These data comprised 20 meteorological stations across the area of interest (CHMI 2016). They were supplemented with open source data from 36 other stations, which National Oceanic and Atmospheric Administration (NOAA 2015) and InMeteo (InMeteo 2016) provide on their websites. The short-term precipitation data (1, 3 and 7 days before sampling) were obtained from the same 36 stations and were exclusively from open sources (NOAA 2015; InMeteo 2016) . With the use of "Inverse distance weighted" (IDW) interpolation tool for spatial interpolation (Watson & Philip 1985) in ArcMap 10.3, rasters with 10 m resolution were created for specified monthly and daily precipitations (Skudnik et al. 2015) .
The percentage of the site surrounding land use was calculated from the Corine Land Cover dataset (EEA, 2012) using the "Focal statistics" tool in ArcMap 10.3 (ESRI 2011). This tool calculates a statistics of values within a specified neighbourhood around it for each cell in a raster file. For this purpose, Corine Land Cover vector data were selected according to the required land use and converted to raster with 10 m resolution. Then the percentage of the total area covered by the selected land use type within the specified radius was calculated.
Statistical analysis
Prior to the statistical analysis, the measured N concentrations were investigated via geostatistics using the "Spatial Autocorrelation" tool in To indicate the strength and direction of association between the N concentrations in mosses and investigated environmental factors, bivariate correlation coefficients were computed. Because the N concentrations and most of the factors proved to be not normally distributed, the Spearman rank correlation coefficient rs was used for the evaluation (Perch et al. 2007; Schröder et al. 2010) . This coefficient indicates the correspondence between two data sets and determines its statistical significance. The correlation coefficient rs assume values from -1 to 1. If rs = -1, two ranks are in absolute negative association, if rs = 0, the ranks are independent and if rs = 1, the ranks are perfectly associated (Schröder et al. 2010) . So rs values close to 0 indicates weak association between ranks. The classification of the strength of correlation was accepted the same as presented in Schröder et al. 2010 . The correlation coefficient values rs < |0.2| are very low, between |0.2| and |0.5|low, from |0.5| to |0.7| moderate, between |0.7| and |0.9| high and > |0.9| very high.
To explain the spatial distribution pattern of the total N concentrations in mosses it is necessary to choose from a set of potential explanatory variables the ones which have the most important significance. This was done applying "Exploratory Regression" tool in ArcMap 10.3 (Braun & Oswald 2011). It is a data mining tool that tries all possible combinations of explanatory variables to find out which models pass all of the necessary Ordinary Least Squares (OLS) diagnostics. To optimize the process Minimum Acceptable Adjusted R 2 was set at 0.05, Maximum Coefficient p-value Cutoff 0.01, Maximum Variance Inflation Factor Value Cutoff 7.5, Minimum Acceptable Jarque Bera p-value 0.1 and Minimum Acceptable Spatial Autocorrelation p-value 0.1.
All the analyses were run for the whole set of data and after just for samples of Brachythecium rutabulum exclusively. While these dataset being small (27 observations) the results are not presented in detail.
Results
The minimum measured value of the N concentration is 9.7 mg/g, the maximum value 29.4 mg/g and the average concentration of the total N in mosses in the monitored area of the Moravian Silesian region is 19.6 mg/g. Determined Moran's I index value in the geostatistical assessment was 0.01, so the spatial distribution pattern of the N concentration in mosses does not appear to be significantly different than random. The calculated z-score of 0.27 and p-value of 0.79 indicates no spatial autocorrelation.
The Spearman rank correlation analysis showed statistically significant relation (p-value < 0.05) of the total N concentrations in mosses with four environmental factors: 7-day precipitation, forested land use within 0.5 km radius and agricultural land use within 0.5 km radius and 1 km respectively. The strongest observed relation was a moderate negative association with 7-day precipitation (rs = -0.54). Regarding to the local land use characteristics, Forested land use within 0.5 km radius had low negative association (rs = -0.33) and Agricultural land use within 0.5 km and 1 km radius low positive association (rs = 0.34 and rs = 0.31). Table 2 provides more detail information (factors with p-value < 0.05 are in bold). The Explanatory regression did not identify any models passing all of the set criterions. However 3 models were taken into consideration as adjusted R 2 values were close to 0.5 and model variable significance was smaller than 0.01 within the majority of explanatory factors (see Table 3 ). As the diagnostic parameters for the models listed in Table 3 reached comparable values, the best model was chosen depending on explaining variables. The criterion was variable significance and stability of relation direction with depending variable (negative or positive). Comparatively to other variables within the chosen models, the variables Altitude and Urban land use within 0.5 km radius has the lowest significance and the direction of the relation is not clearly unambiguous. See Table 4 . Hence as the best model explaining the spatial variability of the N concentrations in mosses, the model at the second row in Table 3 is preferred. The variables 7-day precipitation, 3-month precipitation, Agricultural land use within 1 km radius and Forested land use within 0.5 km radius are supposed to explain the best special variability of the total N concentrations in mosses in the area of interest.
Statistical and geostatistical analyses carried out on the samples of Brachythecium ruthabulum solely got very similar results with some exceptions. The analyses showed the significance of Urban land use factor to the exclusion of Forested land use. The best model of adjusted R 2 = 0.47 was with variables 7-day precipitation, 3-month precipitation and Agricultural land use within 5 km radius. 
Discussion
The detected total N concentration in mosses collected in the Moravian Silesian region within our experiment were higher than values detected in this region within the ICP Vegetation survey 2010 /2011 (Harmens et al. 2013 . According to the published map, the values in the area were in between 1.6 -1.8 % mass or > 1.8 % mass respectively (Harmens et al. 2013) . The average value detected within our experiment in the area was 2.0 % mass. There are two possible explanations of this fact. Either the total N concentration rises in the time, or the difference is caused by the divergent absorption of nitrogen by moss species. Mosses collected within our experiment (mostly Brachythecium rutabulum and Hypnum cupressiforme) contain generally more nitrogen than those ones collected within the survey (Pleurozium schreberi, Hylocomium splendens), presented in Harmens et al. 2011 , Schröder et al. 2010 and Sucharová et al. 2008 . As the data from the ICP Vegetation survey for 2015 has not been available while publishing the article, it is not easy to stick to concrete explanation. However, as the total N concentration in mosses declines across the Europe (Harmens et al. 2015) , we presume that the difference is caused by the different moss species being sampled.
Applied analyses revealed the strongest and definite relation between the N concentrations and 7-day precipitation. Spearman rank correlation coefficient was rs = -0.54 and significance of this variable in exploratory regression 100 % (in negative direction). The positive relation between long-term precipitation (monthly and more) and the total N concentration in mosses is proved (Kalina et al. 2002; Miller et al. 1993; Pesch et al. 2008; Schröder et al. 2010; Skudnik et al. 2014 Skudnik et al. , 2015 Skudnik et al. , 2016 . Also within our experiment, 3-months precipitation was determined in exploratory regression as an important variable for fitting the model. However, the effect of short-term precipitation is not discussed in the literature. We suggest that 7-day precipitation might cause the washing out of the dry deposition stacked on a moss surface and the effect might be connected with the intensity of precipitation but the problem can be much more complex (as presents for ex. Markham 2009). Therefore, it needs to be investigated closer to confirm the importance and define some valid conclusions.
As in the case of studies made on national or European scales, a strong dependence of the N concentration in mosses on the type of surrounding land use, especially agricultural and forest land use, was identified within our area of interest (Pesch et al. 2008; Schröder et al. 2010; Skudnik et al. 2016) . Agricultural land use has positive effect on the N concentration in mosses while forest land use negative. The effect of agricultural land use on the N concentration is most likely connected with the fact that mosses generally take nitrogen in ammonium form (Harmens et al. 2008b; Schröder et al. 2010 ) and might be reinforced by the uptake of nitrogen dissolved from the top soil layer during periods with intensive rainfalls (Glime 2006) . The opposite effect of forestland to N concentrations in mosses might be explained by the canopy drip effect (De Schrijver et al. 2008; Skudnik et al. 2016) or by the effect of different biodiversity of the ecosystem (Harmens et al. 2011) .
The analyses carried out on the samples of Brachythecium rutabulum exclusively showed that the significance of the factors changes with species of moss (Pesch et al. 2008; Schröder et al. 2010) . To study the special distribution of the N concentration in mosses in a regional scale, collecting one moss species would be preferable.
We are aware that the methods, we employed for data exploration, have their limitations. To avoid creating a model that fit only our data we selected candidate explanatory regression variables that are supported by theoretical background (Pesch et al. 2008; Schröder et al. 2010; Skudnik et al. 2014 Skudnik et al. , 2015 Skudnik et al. , 2016 although exclusively environmental factors were tested to explain the total nitrogen concentration in mosses collected in the Moravian Silesian borderlands.
According to the obtained results, we presume that the N concentrations in the mosses might be predicted on the regional scale with sufficient probability but only environmental factors are not able to explain enough of the spatial variability. As the data about wet and dry N deposition (Harmens 2011; Schröder et al. 2010) are not available for the regional scale in sufficient resolution, the variables that would represent it has to be used instead. To alternate the deposition data, we suggest defining of the emission load of the area for NOx and NH3 in detail, comprising the emission from housing, transport, industry and agriculture. Together with meteorological characteristics, these might be able to compile a valid model for the prediction.
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